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Abstract
The prevalence and importance of children’s physical health problems have
been increasingly recognized in recent years. Physical health problems of chil-
dren such as obesity, motor impairment and chronic diseases cause social costs.
Further, they can lead directly to adult physical health problems, which cause
additional social costs. This paper examines the intergenerational link and
transmission of both maternal and paternal health on children’s health in Ger-
many. We investigate this issue using data from the German Socio-Economic
Panel (SOEP), making particular use of the mother and child questionnaires.
These data allow us to capture a broad set of health measures: anthropometric,
self-rated health and "more objective" health measures. The results indicate
signiﬁcant relationships between parental and child health in the ﬁrst and third
year of life. In order to take into account the endogeneity of parental health,
we estimate ﬁxed eﬀect models. Overall, we ﬁnd, controlling for parental in-
come, education and family composition, that parents who experience poor
health have children with signiﬁcantly poorer health. For example, the fa-
ther’s body mass index (BMI) is a predictor for their children’s BMI. Mothers
who consider their health as good, have also healthier children.
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21 Introduction and Motivation
In recent years, there has been a growing concern about children that suﬀer
from physical health problems. The 2004 International Obesity Taskforce report
(IOTF; 2004), for instance, states that approximatively 14 million children in
Europe suﬀer from obesity, three million of whom suﬀer from adiposity. For
Germany the Robert-Koch Health Survey 2006 reports 1.9 (0.8) million children
between 3-17 years having obesity (adiposity). Compared to the reference cohort
1985-1999 the share of obese (adipose) children increased by 50 percent (100
percent) (Kurth and Schaﬀrath; 2007). Moreover, in recent years a shift from acute
to chronic diseases, such as asthma or neurodermatitis, and a shift from somatic to
psychical diseases known as "new morbidity" are newly discussed in the medical
literature, for example Kurth et al. (2008).
A special health survey among children in Germany showed that 54.1 % of the
parents rate the health of their children as good, 39.2 % even as "very good"
(Kurth et al.; 2008). In Germany 7.5 % of all girls and 10.3 % of all boys between
11 and 17 years have allergic coryza. 3.5 % of all boys in this age group and 2.5 %
of all girls are reported to have asthma (Robert-Koch-Institute 2006). In general
children’s physical health problems such as obesity, bronchitis, vision and motor
impairments cause social costs, primarily in the sense of health costs. Moreover,
children’s health problems can lead directly to adult physical health problems,
which cause additional social costs.
In economics there is one research strength which analyses the link between
child health and parental background factors, such as education and income.
For such research see for instance, Duncan et al. (2007), who uses data from
three countries to examine the relationship between parental education and child
height. Other studies for example, Currie and Stable (2003), Case et al. (2002),
and Currie and Stabile (2006), focus on the child-health-income gradient. The
results were re-examined in a most recent paper by Case et al. (2008). They intend
to explain diﬀerences found between income gradients in American and English
children’s health. As for England, new analyses indicate that income plays a larger
role in protecting children’s health from the eﬀects of chronic conditions. In general
this group of studies investigates the diﬀerences in the allocation of household
resources on child health.
1Another body of research attempts to quantify the eﬀects of early infant health
on a person’s future health, education and social outcomes. This economic
literature recognizes that physical health problems can impede children’s human
capital formation over the whole life cycle, see for example Almond et al. (2005),
Currie and Stable (2003), Case et al. (2005), Ding et al. (2006), Currie and Hyerson
(1999), Currie and Neidell (2005) or Black et al. (2005). Most of these studies
focus on the correlation between low birth weight (LBW) and later outcomes.
Currie and Hyerson (1999), for instance, ﬁnd that LBW has signiﬁcant long-term
eﬀects on self reported health status, educational attainments and labor market
outcomes. Other studies such as Miller et al. (2005) suggest that such a mech-
anism is rather weak. Aside from LBW, there has been little research on the
long-term consequences of other speciﬁc health conditions. For one exception see
Currie and Stabile (2006), who examine the long-term consequences of Attention
Deﬁcit Hyperactivity Disorder (ADHD). Salm and Schunk (2008) do ﬁnd for
Germany that childhood health conditions explain 18 % of the gap in cognitive
ability and 65 % of that in language ability. Overall, this research shows that
controlling for parental income, education and social class, children who experience
poor health have signiﬁcant lower educational attainments, a poorer health and a
lower social status as adults.
The link between the physical health of the parents and the children’s physical
health, however, has received little attention in the economic literature. This paper
focuses on exactly this issue, examining the intergenerational link of health between
parents and children and the health transmission from parents to children in
Germany.1 Parental health might inﬂuences child health either because parents and
children share the same genetic endowments and/or through "behavioral eﬀects"
respectively "environmental eﬀects".
We concentrate our analysis on the link and transmission process between parental
1In contrast to other studies related to intergenerational processes of social outcomes, we explic-
itly distinguish between intergenerational links and intergenerational transmissions. The former
means simply the association between parental and child health in a cross-section context. The
transmission of health between generation identiﬁes the relationship between parental and child
health in a causal manner in a ﬁxed eﬀect model context.
2health and the health of children in their ﬁrst three years of life. The early years are
a crucial period for children’s health and skill formation. This is even more true,
as there is empirical evidence showing that early child health aﬀects skill formation
(for a most recent study, see Cawley and Spiess (2008)).
Our paper expands on the results of previous health studies in the following ways:
First, we focus on the intergenerational link and transmission of both, maternal
and paternal health on children’s health in early childhood. Second, we examine
the eﬀects of a range of parental health measures on a range of children’s health
measures. Finally, in order to take into account the endogeneity of parental health,
we estimate time ﬁxed eﬀect models.
The paper is organized as follows: After describing potential links and transmissions
of health we summarize previous studies on these issues in chapter 2. Chapter 3 de-
scribes our data, methods and variables. The next chapter presents our results, ﬁrst
on the link between parental health and child health and then on the transmission
of parental on child health. We conclude with a discussion and prospects for future
research.
32 The intergenerational transmission of health
As it is summarized by Ahlburg (1998) studies on the intergenerational transmission
of health have mostly been carried out by genetic epidemiologists, who have sought
associations between genes and speciﬁc diseases. Furthermore, there are estimates
of the intergenerational correlation of the lifespan, which can be considered as the
ultimate output of the health production function. Estimates of health correlation
over the life-cycle between generations have been used to support a strong genetic
component of longevity (see for a summary and critical reﬂection of theses studies
Ahlburg (1998)).
Thus, there are only few studies analysing transmission of health between genera-
tions, where the children have not yet reached adulthood. Apart from this, most
studies on child health and its socio-economic determinants do not control for
parental health (see for instance, Thomas (1994) or Case et al. (2005)). This lack
is partly driven by a lack of data. Most surveys that collect information on child
health do not have information on parental health. Further diﬃculties can also
arise because health is a multidimensional and time-variant measure, compared to
other socio-economic measures such as education. We use various health measures
at diﬀerent points in time for both, children and parents to handle these diﬃculties
in our study.
There might be a close link between parental health and child’s health for several
reasons: First, there is a genetic dimension. For this reason, it is important to
observe diﬀerent health dimensions of both, maternal and paternal health. Second,
there is an "environmental eﬀect", as children grow up in the same "shared" and
"non-shared" environment as their parents. Parents have a direct and indirect
inﬂuence on what their children obtain in terms of health care and medical
treatment. They can invest directly in the health of their children through the use
of inputs such as nutrition and (medical) health care, and by avoiding unhealthy
behaviors such as smoking and drinking alcohol (see for example, Rimal (2003) or
Wickrama et al. (1999)). These investments are strongly related to labor supply
and household budget constraints. On the one hand, constraint families may be
less able to provide medical care and nutritious food. On the other hand, parents
who work full time and therefore have less ﬁnancial constraints may spend less time
4with their children, which can also aﬀect children’s health.2
Apart from this, unhealthier parents may exhibit unhealthier behavior such as
smoking or regular alcohol consumption that can be detrimental to child health.
In addition, poor parental health reduces labor supply and reduces family income,
and thus can have an indirect eﬀect on child health. Moreover, unpredictable
eﬀects of the parents with respect to their health, for instance accidents, could
eﬀect the health of the children, in the sense that parents who are disable due to
an accident have less resources (ﬁnancial and time) to invest in the health of their
children. Finally, the health of parents and children might be aﬀected by common
but unmeasured environmental factors, resulting in a correlation between their
health levels. Overall, it is obvious that there are various mechanisms how parental
health might be linked or even transmitted into child health. However, it is not
easy to disentangle them.
Until now there are few economic studies which focus on diﬀerent aspects of
child and parental health. The work by Currie and Moretti (2005) is an example
for a study on intergenerational health links. They examine intergenerational
correlations in birth weight for Western industrialized countries.3 Based on the
data on individual birth records from California they show that there is a strong
intergenerational correlation between the mother’s and the children’s birth weight
using grandmother ﬁxed eﬀect models. They also show that the family income at
the time of mother’s birth is also a predictor of LBW and that there is an interaction
between maternal LBW and poverty in the production of LBW. Together their
ﬁndings suggest that intergenerational correlations in health could play a role in
the intergenerational transmission of income. Parent’s income aﬀects child health
and health at birth aﬀects future earnings.
Case et al. (2002) analyse parental health as a determinant of children’s health.
The authors use US data from the National Health Interview Survey (NHIS)
1986-1995 and the Panel Study of Income Dynamics (PSID), which cover self-rated
2Mahler (2007) for instance, found that a higher labor supply of the mother increases the
probability of the child to be obese.
3Note, there are various studies regarding birth weight. However, to the best of our knowledge
only this study looked at birth weight between generation.
5health measures rating the health of the children and the parents on a scale from
1=excellent to 5=poor. They ﬁnd large eﬀects of parent’s health on children’s
health. If a child aged 0-3 has a mother in very good or excellent health, his
or her chance of also being in very good or excellent health rises by 27 %. The
corresponding increase related to very good or excellent parental health is 16 %.
Moreover, maternal health is more strongly associated with child health compared
to paternal health, which is consistent with the idea that women in worse health
bear less healthy children, or that women in poor health are less able caregivers.
Another most recent study by Goode et al. (2008) investigates the possibility of
intergenerational transmission of unhealthy eating habits from parents to adult
children. Their regressions, which are based on the 2003 Scottish Health Survey,
suggest that paternal history on eating habits has no impact on either sons or
daughters and maternal history on eating habits inﬂuences negatively the eating
behavior of daughters. The intergenerational transmission of unhealthy eating
habits appears to be more intense amongst lower household income individuals.
On the basis of anthropometric health measures the links and transmissions
between child and parental health are also investigated in developmental countries.
Kebede (2003) for instance, uses data from rural Ethiopia in the period 1994-97.
He uses the height as a measure for long term health and estimates ﬁxed eﬀects
models on children’s height. Beside other explaining variables parents height
is highly signiﬁcant in all speciﬁcations. They conclude that the correlation
between child and parental health is mainly explained by genetic inheritance
than by behavior. Bhargava (1994) uses a data set from a speciﬁc region of the
Philippines during 1984-85. As health measures he uses the height, weight and
BMI (Body Mass Index) of the child and the parents. Estimating dynamic model
shows that parental - in particular maternal - health has large eﬀects on child health.
Studies in other social science disciplines, such as psychology and epidemiology
also contribute to the discussion of intergenerational health and health behavior re-
spectively.4 Rimal (2003) estimates a model of dietary behaviors based on adults‘
4For non-economic studies on the correlation of birth weights between generations, see for
instance Coutinho et al. (1997), Collins et al. (2002) or Conley and Bennett (2000).
6and children’s interpersonal, intrapersonal, and communicative factors when chil-
dren are 12-19 years old. Adult’s interpersonal determinant of dietary behavior
predicted corresponding children’s health measures. Wickrama et al. (1999) inves-
tigate if parents‘ health risk behaviors inﬂuence adolescent’s health risk behaviors.
Parents‘ health risk behaviors were transmitted to adolescents both at the lifestyle
factor level and the unique component level. Brook et al. (2002) examine the in-
tergenerational transmission of risk factors for problem behaviors across three gen-
erations. The investigation provides evidence for a longitudinal, intergenerational
process whereby the grandmother-parent relationship and the parent’s personality
and behavioral attributes are transmitted across generations through their associa-
tion with the parent-child relationship. Marshall et al. (2007) investigate the inter-
national transmission of health beliefs in somatoform disorders. Children of parents
with somatoform disorder scored higher on bodily preoccupation and disease phobia
scales and their health beliefs showed similarities to the beliefs of their parents.
3 Sample, variables and methods
3.1 Sample
The data used for this study is the German Socio-Economic Panel (SOEP).
For Germany, it is a representative national longitudinal data set that surveys
households and individuals beginning in 1984 (see Wagner et al. (2007)).5 It
provides an informative database with a rich set of indicators of both parent’s and
children’s characteristics. Since 2003, detailed information on the health of children
has been integrated into the SOEP by an additional questionnaire for mothers of
very young children. This questionnaire is addressed to all mothers who gave birth
to a child in the year of survey or the year before: The age of the child of mothers
answering this questionnaire varies between 0 and 18 months. The questionnaire
provides information on health issues of these children.
In 2005 an additional questionnaire on 2-3 year olds was introduced. The age-
speciﬁc questionnaire again contains health information of the 26-42 months old
children. Moreover, information on parent’s physical health, education, family
5See http://www.diw.de/soep for more information on the GSOEP.
7income and composition, health insurance and municipality are also collected be-
tween 2002-2006. We merged the child information with the parental information.
Based on these two age-speciﬁc questionnaires, we consider three samples: First
a pooled cross section samples of children aged between 0-18 which amounts to
678 newborns born between 2002-2006, Second: a cross-section of 26-42 months
old which amounts to 376 children born between 2002 and 2003.6 Third: a panel
data set with 400 2-3 years old children whose mothers have been successfully
interviewed two times, in the ﬁrst and third year of a child’s life in 2002/2003 and
2005/2006.
3.2 Health measures
Child health. Finding appropriate measures of a child’s health status is a chal-
lenge. Health has many dimensions, such as mental, physical, chronic conditions,
environmental exposures, nutrition and injuries. In developing countries, infant
mortality rates, anthropometric measures and indicators for vaccination provide
a guide to child health. Studies for Western industrialized countries use LBW as
an indicator of poor health at birth (see studies cited in chapter 1). Much less is
known about the predictive power of reported health measures in early childhood.
Case et al. (2002) use alternative measures of children’s health, including bed days
and hospitalization episodes and ﬁnd that the reported health status correlates
strongly with children’s chronic conditions. As there is still no operational global
deﬁnition of child health, it might be useful to use various measures, once they are
available.
This is an advantage of the data we use. The SOEP allows us to observe diﬀerent
types of health measures for the children (for other SOEP based studies using
similar child health measures, see for instance, Dunkelberg and Spiess (2008) and
Cawley and Spiess (2008)). Besides anthropometric measures such as weight,
height, BMI and obesity (computed),7 we have self-reported health measures:
6In some models we exclude individuals younger than three months from our regression, since
a child’s health information refer to three months after births. Here we observe 568 children. For
a more detailed discussion of robustness see chapter 4.
7Based on gender-speciﬁc age percentiles (Poskitt; 1995) we deﬁne children as obese or not. We
8Information on children’s doctor and hospital visits three months after birth for
the younger children. For the older children (2-3 years old), we have information
about how often they visited a doctor in the last three months and how often they
were in the hospital in the last 12 months. For both relevant age groups of our
study information on special disorders of the child, for example, motor impairments
and asthma are available. These self-reported information on the utilization of the
medical care system and particular disorders can also serve as a proxy variable for
objective health (for such an approach see Schwarze et al. (2000)). Other studies,
such as Baker et al. (2001), use the term "self-reported, more objective health
measures" for such health information in contrast to self-rated health measures. We
adapt this term and for simplicity reasons we us the term "more objective" health
measures in the following.8 Apart from these "more objective health measures", we
use self-rated health measures too: The mothers in the SOEP were asked in both
mother-child-questionnaires whether they are worried about their child’s health.
They could specify to what extent the statements apply, ranging from “applies
fully“ to “does not apply“. Given this broad set of health measures, we do several
estimations, using anthropometric, more objective and self-rated health measures.
Parental health. As parental health we also observe various health measures
(compare, Schwarze et al. (2000)). They cover anthropometric measures (BMI
and computed obesity for example, (Poskitt; 1995)), as well as "more objective"
and self-rated health measures. In accordance with the "more objective" child
health measures, the number of doctor visits in the last three months and the
nights spend in hospital in the last 12 months are used. The SOEP data also
contain a self-rated health measure of the parents:9 Individuals were asked how
they assess their own current health status, using a scale from 1=(very good) to
5=(bad). Further, mothers of newborns were asked an additional question in the
mother-child questionnaire, how they rate their mental and physical health three
months after pregnancy on a scale from 1=(very good) to 4=(very bad). Finally, we
are aware of the ﬁnding that the BMI is a poor measure of fatness, as it does not distinguish fat
from muscle (Burkhauser and Cawley; 2008). However, the BMI is the only measure of fatness
available in the SOEP.
8Doing so, we are aware of the fact that our "more objective health measures" are only proxies
for really objective health measures taken by medical experts.
9In the main SOEP self-rated health is measured by an internal widely accepted scale.
9use indicators of parent’s health behavior: We do use the information, if the parents
are smoking. Furthermore, anthropometric and "more objective health measures"
might also assess the health behavior of adults: A high BMI, for instance, might
be a proxy, in part, for the care parents take with their own health. A lack of any
doctor’s visit by a mother might be a signal that the mother has not gone to the
annual check-up generally recommended to women in Germany.
Overall we use a wide range of health measures, "more objective" and self-
rated ones. One might argue that self-rated health measures are not valid
health measures. However, the empirical health literature has shown that
self-rated health measures are highly correlated with "more objective health
measures", such as the rate of hospital or physician visits, or mortality (see for
instance Singh-Manoux et al. (2007) or Schwarze et al. (2000), who show the same
correlation as Singh-Manoux et al. (2007) on the data set used in the present study).
Table A.1 reports descriptive statistics for all children’s and parental health
measures. In accordance with the two mother-child-questionnaires (ﬁrst year of
life and 2-3 year-olds), we distinguish summary statistics for both age-groups. The
3-18-month olds had an average BMI of 12.71, which increased on average to 16.03
after two years. The share of obese children is increases from ﬁve percent for the
younger children to nine percent after two years. In younger age groups only eight
percent of the newborns have any disorder such as motor and visual impairments.
Later on, the percentage is ﬁve times higher, in part because more mothers report
that their children have asthma or bronchitis. In contrast, the average numbers of
doctor visits between the two age groups remained nearly unchanged. The hospital
visits of children decreased from 1.43 nights in the ﬁrst age group to 0.19 nights
two years later. Based on the information on doctor’s visits and hospital visits we
computed a variable for children’s general health called "medical assistance", which
is the sum of the number of doctor and hospital visits within a particular period.
The underlying idea behind the generated variable is the fact that hospital stays
and doctor visits are not independent.10 In both waves nearly 60 % of all mothers
valuated the health of their child as "very good" or "good".
10The correlation coeﬃcient is 0.32.
10The average BMI for both mothers and fathers varies slightly in both waves between
23.20 and 25.41. In our sample, 11 (12) percent of mothers (fathers) are obese when
their children are 2-3 years old. Between the two age groups of children the average
number of doctor visits and nights spent at the hospital decreased among mothers.
Moreover, mothers and fathers diﬀer with respect to smoking. When children are
3-18 months old, the share of smoking fathers is nearly twice as high as the share
of smoking mothers. But the percentage of mothers who do not smoke and have
very young children is four percent lower than for mothers with older children. It
may be that mothers interrupt smoking during pregnancy and start smoking again
if their children are a bit older. Other health measures are similar for mothers and
fathers. The mothers’ own health assessments are nearly unchanged between the
two age-groups.11
3.3 Child and family characteristics
Summary statistics for child characteristics and the family background that might
also aﬀected the child’s health are reported in Table A.2. Among the child-related
variables, there is the age of the child in month, the gender of the child and the
share of children growing up with siblings. Other studies (for instance, Duncan
(1994)) have shown that gender diﬀerences in the resource allocations into child
health, which might reﬂect both technological diﬀerences in child rearing and
diﬀerences in the preferences of parents. Mothers allocate more resources to their
daughters and fathers channel resources towards their sons.
Control variables related to the parents cover the age of mother and the father at
the time of birth, their educational background, the household structure (single or
non-single parent), the migration background of the mother, equivalence household
income (in 1000 Euro). They further cover if parents have a private health insurance
and a variable indicated if the household lives in a municipality respectively rural
area.
11We do not observe father self-rated health measures, because mothers and not the fathers were
requested to assess the health of their child.
11The educational background of each parent is measured by three dummies:
university degree, occupational degree versus no degree (reference category) at
all. For these variables other studies found diﬀering eﬀects. Case et al. (2005),
for instance, do control in their study for the eﬀects of childhood health on adult
health for the mothers and the fathers education and SES (Socio-economic status).
By age 33, maternal education has become strongly associated with a better health
status of the child. Indicators for the fathers school-leaving ages are not jointly
signiﬁcant at either age 33 or 42. Case and Paxson (2001) show that for children
1-16, mothers‘ education is a signiﬁcant predictor of the child having had a routine
doctor and dentist visit in the past 12 months, and with having a regular place for
usual medical care and sick care. They ﬁnd no signiﬁcant correlation between fa-
thers‘ education and routine doctor’s visits or having a place for routine or sick care.
We take into account whether the child is raised by a single parent or not. In these
cases parents can not share child rearing eﬀorts with a partner, which might result
in less time they can invest in the health of their children. Furthermore, we control
for the migration status of the parents, which might capture diﬀerent cultural
attitudes towards the investments in the health of children. Our income measures
cover the equivalent income of a household, which takes the various household sizes
into account. The literature had extensively examined the eﬀect of income, as one
of the important economic variables aﬀecting child health (see for instance, the very
new analysis by Case and Paxson (2008)). First, income levels aﬀect the amount of
resources households devote for nurturing children. Second, health-related behavior
of people (like smoking, alcohol consumption, health care) is usually systematically
correlated with levels of income. Third, in addition to the absolute levels of income,
health is aﬀected by income inequality - particularly in industrialized countries.
Lower ranks in the distribution of income probably raise psychosocial stress that
negatively aﬀects endocrine processes and immunity. Although we control for
smoking we can not disentangle all these various income eﬀects. For a detailed
study about income is eﬀect on child health, see the analysis by Case et al. (2002).12
12Apart from this, we do not control for the employment status of the mother, as this might be
endogenous to child health. As it is shown in various studies, the employment status of mothers
might inﬂuence child health as the mothers have more ﬁnancial resources to invest in child health.
This eﬀect is covered by the income variable we use, at it covers the total household income. Apart
12A dummy variable indicating whether either the mother or the father or both
have a private health insurance or not, does allow us on the one hand to test,
if children who have access to higher quality care might have a better health
status. On the other hand, these variables might capture the eﬀect that parents
with a private health insurance have a higher frequency of doctor visits as more
cost-types are covered by their health insurance. The study by Case et al. (2002)
shows that children with insurance - either private insurance or Medicaid - are in
signiﬁcantly better health. Although all children in Germany have some kind of
health insurance, it might be argued in a German framework that children who
have a private health insurance via their parents have access to higher quality care,
as in principle private health insurances in Germany pay, for instance, the costs of
a treatment by a head physician.13
Furthermore, the municipality size should cover the eﬀect, that families living in
municipalities might have a better access to relevant health infrastructure. On the
other hand, it might be that children living in rural areas live in an environment
which is less polluted. As it is shown by Currie and Neidell (2005) this aﬀects child
health as well. Which eﬀect is stronger is an empirical question, however.14
3.4 Econometric Model
Given the variety of health measures in our sample, we group them and test the link
and transmission between parental and child health using diﬀerent groups of health
measures. A ﬁrst group of models uses anthropometric health measures for children,
mothers and fathers. The second group of models use the so-called more objective
health measures again for the children and their parents only, while the last group
from this, employed mothers might have less time to invest in the health of their children, or the
other way around, due to the illness or disability of their child mothers can not or work only
reduced hours. For a German study on this, see for instance, (Dunkelberg and Spiess; 2008).
13See for a description of the German health insurance system
http://www.bmg.bund.de/cln_040/nn_617002/EN/Health/health-insurance.html,download:
June 15th 2008).
14Another argument might be that one should control for possible genetic ties. Case et al. (2002),
for instance use the information if it is an adopted or biological child to test the hypothesis on
genetic ties. Their results cast doubt on the simple genetic story. In our study there are only 4
adopted children, but if we exclude individuals with missing values from analysis we have no longer
adopted children in our sample.
13of estimations is supposed to use self-rated health measures. However, as the child
related more objective health measures are reported by the mother they might not
be entirely objective. Given this potential bias we estimate models on important
more objective and self-rated child health measures using only maternal self-rated
health measures as independent variables. All models contain the parental health
behavior.
Equation (1) presents the link between health of parents and children:
Healthi = ® + ¯Healthji + Xji± + Yi° + ui: (1)
where Healthi is a measure of child i’s health in early childhood, which covers
anthropometric, more objective and self-rated health. Healthji denotes a vector of
parental (j) health (it also includes parental health behavior of the child i). Xji is a
vector of parental characteristics that includes education, household income, family
status, health insurance, age, nationality and municipality size of the child i. Yi is
a vector of children characteristics that includes sex, siblings and age. At ﬁrst, we
estimate cross section models for both age-groups and all diﬀerent health measures.
Therefore, we control for many family background variables and child characteristics.
Since unobserved, time invariant characteristics, such as unobserved parental health
behavior, genetic components or time preferences may aﬀect both, parent’s and
child’s health, we replicate cross-section results in a ﬁxed eﬀect framework.
Healthit = ® + ¯Healthjit + Xj± + Yit° + fi + uit: (2)
In contrast to equation (1), in equation (2) we take into account an individual
ﬁxed eﬀect fi. Within this model we analyse the intergenerational transmission
of parent’s health on child health, conditional on time-variant family background
variables, captured in Xjit. The coeﬃcient on parental health ¯ is our parameter
of interest. The parameter can be used to test a variety of hypotheses. First, ¯
provides information on whether children of parents with poor health also experi-
ence poor health ceteris paribus in early childhood. Second, the coeﬃcient ¯ can be
interpreted as a health gradient. A high coeﬃcient indicates a strong transmission
of health characteristics from parents to children. Finally, the coeﬃcient ¯ can be
decomposed into the impact of mother’s health and father’s health on the child’s
health. We estimate FE models to identify ¯.
14First diﬀerencing:
¢healthit = ¯¢healthjit + ¢Xjit± + ¢Yit° + ¢uit: (3)
After ﬁrst diﬀerencing (equation (3)), we assume that the conditional mean
independence assumption holds (equation 4, 5). Conditional mean independence
E(¢uitj¢healthjit;¢Xjit;¢Yit) = 0 8t = 1;2: (4)
implies:
E(¢uitj¢healthjit;¢Xjit;¢Yit) = 0 s · t: (5)
This implies that the error terms are uncorrelated with ¢healthjit;¢Xjit;¢Yit
within one period (4) and are uncorrelated between diﬀerent periods (5).
4 Results of the Health Regression
Presenting our results, we start with the regression results on the cross-sectional
samples of the two age-groups we can observe in our data: We start with the age
group covering children 0 (3) to 18 months of age, followed by children 26 to 42
months of age. After presenting the results on the link between health measures, we
present the results of the ﬁxed eﬀect models on the intergenerational transmission
of health. The following tables cover the results with respect only to the health
measures. The entire regression results are presented in TableA.3 - Table A.8.
4.1 Cross section for 2 age-groups: the intergenerational link
between health
Children 0-18 months of age. The ﬁrst columns of Tables 1 - 3 cover the
results for the younger age group of children. As it is shown there is no statistically
signiﬁcant link between the anthropometric health measures of parents and children
(see Table 1).15 Moreover, the results indicate a positive link between having
siblings and the BMI of the very young children. Finally, growing up in rural areas
15One explanation might be that the critical BMI values used is not appropriate-until now little
is known about critical BMI values in early childhood that are related to other diseases later in
life.
15is associated with a lower BMI and the probability of being obese.
The estimations using more objective health measures (see Table 2) show that
mothers who report more doctor visits for themselves report more doctor visits for
their young children as well. With respect to a child’s days in hospital, the results
show a statistically signiﬁcant and positive relationship with the father’s doctor
visit. Apart from this, smoking mothers have a signiﬁcantly higher probability of
having a child with reported disorder. Having a private health insurance increases
the number of doctor visits and the extent of medical assistance a child receives
three months after births. Furthermore, we ﬁnd that boys are less healthy in early
childhood compared to girls. This is in line with the existing literature related to
the vulnerability of boys. Interestingly, older fathers have the less healthier children
at 3-18 months.
With respect to self-rated health measures our results show that the mothers’
reported mental and physical health status three months after pregnancy does
matter (see Table3): The worse the reported mental and physical health state, the
higher the probability that the child has some disorders. There is a statistically
signiﬁcant link between the mental state of the mother and the reported worries
on child health: The better she rates her own mental state the less she worried
about the health of her child. The mental and physical health of the mother is
correlated with the number of doctor’s visits of the child, too. This is true for the
mental state of the mother and the number of hospital visits of the child as well as
medical assistances of the child: The better the mother rates her mental (physical
health) the healthier the child, if the mentioned "more objective" health measures
are considered. Apart from this, health behavior matters, too: Smoking mothers
have a higher probability of having a child with disorders. Furthermore, there is a
statistically signiﬁcant link between having a father who smokes and more worries
by the mother about her child’s health.
Children 26-44 months of age. The second part of Tables 1 - 3 cover the results
for the older age group of children. For older children, there is no statistically
signiﬁcant relationship between the anthropometric health measures of the child
and those of the parents (see Table 1). However, there is a link with respect to

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































18smoking leads to growth retardation of 2-3 year old children.
In contrast to the ﬁndings of the early age group, for the older children we ﬁnd
neither a link between the mother’s more objective health and the child’s more
objective health nor between the father’s "more objective" health and the child’s
"more objective" health, respectively (see Table 2). However, smoking fathers have
a higher probability of having a child with any kind of disorders. Other control
variables which are statistically signiﬁcant are the child’s sex, the fact of having
siblings, the age of the father and his education, at least in some of the models.
With respect to self-rated health measures the results show a statistically signiﬁcant
relationship between the mother’s self-rated health and child health (see Table 3):
The more satisﬁed the mother is with her own health the less she worries about her
child’s health. The better the mother rates her own health the smaller the prob-
ability of having a child with disorders. Furthermore, the mothers who rate their
own health better report a smaller number of hospital days for their child and less
medical assistance for their child, at all. Again, the health behavior does matter:
Fathers who smoke have a higher probability of having a child with disorders. Fa-
ther’s education and the age of the child are control variables with a statistically



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































204.2 Fixed eﬀect models: the intergenerational transmission
of health
Overall, our ﬁxed eﬀect models show the following picture: In respect to anthropo-
metric measures (see Table 4) there is a statistically signiﬁcant eﬀect of a father’s
BMI on his child’s BMI: The higher the father’s BMI the higher the child’s BMI.
Further, the probability of having obese children increases for obese mothers. We
ﬁnd a positive eﬀect of child’s age on BMI.
Table 4: Fixed Eﬀects Results: Anthropometric measures
Child’s health BMI obesity
Mother’s BMI -0.15 -0.015
(0.14) (0.01)
Father’s BMI 0.57** 0.014
(0.359) (0.026)
Mother obese 1.24 0.26*
(1.33) (0.13)
Father obese -1.22 0.03
(1.06) (0.11)
Mother smoking 0.02 -0.04
(1.01) (0.10)
Father smoking -1.44* -0.02
(0.85) (0.09)
Observations 400 400
Data Source: Sample drawn from the GSOEP 2002-2006. Standard Errors are in parentheses:
***signiﬁcant at 1% level; **signiﬁcant at 5% level; * signiﬁcant at 10% level. Own calculation.
With respect to more objective health measures we ﬁnd, contrary to the cross
section results, no inﬂuence of parental "more objective" health measures on child
health, if we control for unobserved heterogeneity (see Table 5). Fathers‘ smoking
behavior increases the probability of having a child with any kind of disorder, but
at the same time it decreases the number of hospital stays.16 Among the control
variables only the child’s age has a statistically signiﬁcant eﬀect.
Again the models using self-rated health measures show signiﬁcant relationships
between maternal health and child health (see Table 6): Mothers who report a
16For this result we have no intuitive explanation.
21Table 5: Fixed Eﬀects Results: more objective health measures




Mother’s Doctor visits -0.0005 0.001 -0.05 -0.06
(0.005) (0.04) (0.09) (0.11)
Father’s Doctor visits -0.01 -0.04 0.17 0.13
(0.01) (0.07) (0.18) (0.21)
Mother’s Nights spend in hospital 0.004 -0.04 0.02 0.001
(0.003) (0.04) (0.05) (0.11)
Father’s Nights spend in hospital 0.007 -0.024 -0.23 -0.25
(0.01) (0.07) (0.19) (0.22)
Mother smoking 0.16 0.16 0.30 0.27
(0.10 (0.68) (1.78) (2.04)
Father smoking 0.16* 0.14 -3.23** -3.06
(0.09) (0.65) (1.66) (1.90)
Observations 409 409 409 409
Data Source: Sample drawn from the SOEP 2002-2006. Standard Errors are in parentheses:
***signiﬁcant at 1% level; **signiﬁcant at 5% level; * signiﬁcant at 10% level. Own calculation.
change in their self rated health status (in the direction of getting better), have
a signiﬁcant lower probability of having a child with disorders. The same is true
when the mother rates her own health as very good: Then she worries less about
the health of her child and the child has experienced less medical assistance. The
father’s smoking behavior does matter again and increases the probability of having
a child with disorders. Among the control variables again only the child’s age has a
statistically signiﬁcant eﬀect.
Robustness. In addition to these estimations we did several robustness tests,
mainly on diﬀerent model speciﬁcations and subsamples.17 We divided our sample
into boys and girls for investigating gender diﬀerences in health transmission from
parents to child. From the literature it is known that mothers invest more in their
girls compared to boys (Case et al.; 2002). For example, Thomas (1994) ﬁnds that
parents’ resource allocations can result in diﬀerentials in height that vary by the
gender of the child. Fixed eﬀect results indicate that the health gradient of the
mother is in some health models higher for girls, while it is in some health models
17Estimation results of the various sensitivity analysis are available from the authors upon re-
quest.
22higher for boys. The same is true for the health gradient of the fathers. Alto-
gether, the results show that there is no clear pattern in respect to gender diﬀerences.
Table 6: Fixed Eﬀects Results: self-rated health measures




Mother’s current health status
very good 8.88** -0.27*** -2.30
(4.39) (0.09) (1.91)
good 6.14 -0.26*** -0.65
(3.92) (0.08) (1.72)
not good 5.27 -0.27*** -0.72
(3.87) (0.08) (1.70)
Mother smoking 4.53 0.12 0.48
(4.53) (0.10) (2.02)
Father smoking -6.36 0.18** -2.54
(4.28) (0.09) (1.86)
Observations 408 409 409
Data Source: Sample drawn from the SOEP 2002-2006. Standard Errors are in parentheses:
***signiﬁcant at 1% level; **signiﬁcant at 5% level; * signiﬁcant at 10% level. Own calculation.
Moreover, we estimate ﬁxed eﬀect models taking a potential "pregnancy eﬀect"
into account. Studying the health of mothers of very young children is diﬃcult, as
all health measures of the mothers of particular young children might be biased
due to pregnancy or delivery. Altogether there are 36 cases where the mother’s
health measures could most probably be distorted by these events. 36 mothers
were surveyed in the year they gave birth. For the mothers who gave birth in the
reference year, we would, for instance, expect that the number of doctor visits is
higher. So we exclude the 36 mothers whose child was born in they year when they
were interviewed. Overall, this did not changed our results signiﬁcantly.
Furthermore, there might be a potential "hospital eﬀect" due to the delivery in a
hospital. The "more objective" health measure of the mother and the child might
be biased in the year of delivery if mothers gave birth in a hospital. However, if
all children would have been born in a hospital then this health measures would
not systematically diﬀer between mothers. But for cases where children were born
outside the hospital, the variable is systematically biased. Thus, in a further spec-
iﬁcations we exclude mothers of children who were not born in a hospital. These
are 13 children in our sample. Altogether the results are very similar compared to
23the non-restricted sample. The estimated coeﬃcients slightly diﬀer in size but not
in sign and signiﬁcant level of the health gradient.
5 Discussion
This paper contributes to the literature on intergenerational health links and
transmissions by providing new evidence on the association between various health
indicators for very young children on the one hand and various health indicators
of their mothers and fathers on the other hand. Our cross sectional analyses
show that there are signiﬁcant links between the health of children and parental
health measures, this is particularly true for the association between self-rated
health measures of the mother and child health measures. There is still a positive
correlation even if we control for a rich set of control variables. They are less
relevant for anthropometric health measures. Moreover, there are more statistically
signiﬁcant health associations between generations if the health of very young
children (children in their ﬁrst year of live) is analyzed. The ﬁxed eﬀect models show
that the transmission of health can mainly be measured on a statistically signiﬁcant
level if self-rated health measures are observed. Thus our results strongly support
the importance of self-rated health measures, in particular if intergenerational links
and transmissions are analyzed.
Moreover, the magnitude of the association diﬀer with respect to child’s health
outcomes. Interestingly, the health gradient is in all relevant "more objective"
health models larger between fathers and children compared to the health gradient
between mothers and children. For example, if father’s doctor visits increases by
one day within the last three months the nights spent in hospital for very young
children increases by 0.64. An increasing of mother’s number of doctor visits within
three months increases child’s doctor visits by 0.065. In addition, the probability to
obtain any kind of disorder increases by 12 percentage points if fathers smoke. In
the same age-group we ﬁnd no impact of maternal smoking on the child’s health.
Concerning the correlations of the control variables, our study shows no signiﬁcant
correlation between household income and child health. Parental education, in
particular paternal education, was only signiﬁcant in a few models. These results
are diﬀerent to the few US American studies on intergenerational health links (see,
24in particular Case et al. (2002)). Further research on the correlation with income
in particular, has to show if this is mainly true for diﬀerent income measures or if it
is the results of two very diﬀerent welfare states, including diﬀerent health systems,
namely a universal health coverage in Germany opposed to the American system.
Our ﬁndings are signiﬁcant because health is an important resource for the
acquisition of skills in early life and it facilitates the acquisition of additional
capabilities at later ages (Heckman; 2007). Given this association, it is a strength
of this study that it analysis health in early childhood: First, the health of children
0-18 months of age, and second, the health of children of 26-42 months of age.
Given the challenge to ﬁnd appropriate health measures it is another advantage of
this study, that we can use three groups of health measures, anthropometric, more
objective ones and self-rated ones. Moreover, we have a proxy for health behavior,
namely the smoking behavior of mothers and fathers. All these health measures are
observable for both parents, the mother and the father. To our knowledge, this is
the only study based on a representative sample using so many alternative health
measures for children, mothers and fathers.
Furthermore, our analyses allow us to make causal inferences: Given the panel-
character of our data, we can estimate ﬁxed eﬀect models. Thus the results
can be interpreted as transmissions - and not only as links - of health. Given
these ﬁxed eﬀect results the health of the child- both the "more objective"
and the self-rated health- is mainly driven by mother’s self-rated health. In
addition, the results indicate that paternal smoking during the years of early child-
hood increases the probability of any kind of disorder of the child by 16 percent,
indicating a more stronger health gradient in comparison to the cross-section results.
Nevertheless, the study has limitations: The health measures of the child are
assessed by the mother rather than by professionals. Weight, height and all other
paternal health indicators are reported by the mother or the father. Although
several studies conclude that, for instance, parental reports of child weight are
suﬃciently accurate to be used in research (for example, Goodman et al. (2000)),
and although maternal reporting error of child weight is expected to be small in the
SOEP because virtually all children had recent medical check-ups, such reporting
25error is likely to bias coeﬃcient estimates.18
Besides, our results do not allow disentangling the eﬀects behind an intergener-
ational transmission of health in a strict sense. We cannot separate "biological
programming" from "environmental eﬀects". However, given the intergenerational
links of health in the ﬁrst year of a child’s life, there is some evidence that
biological issues matter as "environmental eﬀects" literally had not so much time
to occur as with older children. However, the links were strongest for self-rated
health measures, which might be an argument against this, if they are driven
by environmental and biological factors themselves. Independent of this further
research covering biometric measures might help to disentangle such eﬀects.
Given the results on the intergenerational transmission of health and the strong
eﬀects of self-rated health measures, our results underline the importance of mothers’
well being with regard to child’s outcome measures. From a policy point of view
one might argue that - given these results - it is eﬀective to support mothers’ mental
and physical well-being if it is the political goal to increase child health.
18The German health system oﬀers preventive medical check-ups for young children on a regular
basis starting at birth. These check-ups are free of charge and are documented in a medical record
booklet that is kept by the family.
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30A Appendix
Table A.1: Summary Statistics of children’s and paternal health measures
3-18 months olds 26-42 months olds
mean std.dev. mean std.dev.
Child’s health
Child’s number of doctor visits within 3 months 1.59 (3.04) 1.44 (2.14)
Child’s hospital visits 1.43 (6.94) 0.19 (2.24)
Worried about my child’s health ’no’ 0.59 (0.49) 0.58 (0.49)
Child’s disorder 0.08 (0.66) 0.30 (0.46)
Child’s BMI 12.76 (1.84) 16.03 (3.58)
Child obese 0.05 (0.23) 0.09 (0.28)
Mother’s health
Mother’s current doctor visits 4.37 (3.84) 2.10 (3.28)
Mother’s nights spent in hospital last year 1.27 (3.96) 1.00 (7.94)
Mother current health status ’very good’ 0.18 (0.38) 0.13 (0.34)
Mother current health status ’good’ 0.53 (0.50) 0.51 (0.50)
Mother current health status ’poor’ 0.21 (0.41) 0.27 (0.44)
Current health status ’bad’ 0.06 (0.24) 0.10 (0.31)
Smoking 0.18 (0.38) 0.22 (0.42)
BMI 23.87 (4.14) 24.38 (4.58)
Mother obese 0.08 (0.27) 0.11 (0.32)
Father’s health
Father’s current doctor visits 1.19 (2.10) 1.09 (1.83)
Father’s nights spend in hospital last year 0.90 (6.63) 0.36 (1.89)
Smoking 0.34 (0.48) 0.34 (0.47)
BMI 25.41 3.49 23.20 (8.59)
Father obese 0.09 (0.29) 0.12 (0.32)
Data Source: Sample drawn from the SOEP 2002-2006, N=568, 376.
31Table A.2: Summary Statistics of control variables
3-18 months olds 26-42 months olds
mean std.dev. mean std.dev.
Equivalence income in 1000 Euro (annual) 35.83 (21.57) 36.62 19.45
Mother’s occupational degree 0.66 (0.47) 0.69 (0.47)
Mother’s university degree 0.23 (0.42) 0.20 (0.40)
Father’s occupational degree 0.64 (0.48) 0.62 (0.49)
Father’s university degree 0.30 (0.46) 0.25 (0.43)
Single parent household 0.01 (0.11) 0.08 (0.26)
Private health insurance 0.25 (0.43) 0.21 (0.41)
Migration 0.12 (0.33) 0.15 (0.36)
Municipality 4.18 (1.85) 4.11 (1.76)
Child’s age (in months) 8.0 (3.28) 33.36 (4.0)
Mother’s age at birth (in years) 30.93 (5.29) 30.24 (5.30)
Father’s age at birth (in years) 34.19 (5.85) 30.28 (12.33)
Gender 0.49 (0.50) 0.51 (0.50)
Siblings (1= yes) 0.56 (0.50) 0.56 (0.50)






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































35C Fixed Eﬀect results
Table A.6: Fixed Eﬀects Results: Anthropometric measures
Child’s health BMI obesity
Mother’s BMI -0.15 -0.015
(0.14) (0.01)
Father’s BMI 0.57** 0.014
(0.359) (0.026)
Mother obese 1.24 0.26*
(1.33) (0.13)
Father obese -1.22 0.03
(1.06) (0.11)
Mother smoking 0.02 -0.04
(1.01) (0.10)
Father smoking -1.44* -0.02
(0.85) (0.09)
Equivalence income (in 1000 Euro) 0.009 0.004**
(0.017) (0.002)
Private insurance -2.43** 0.04
(1.25) (0.13)
Mother’s occupational degree 0.58 -0.29
(2.64) (0.27)
Father’s occupational degree -1.33 -0.18*
(0.97) (0.10)
Mother’s university degree 1.09 0.04
(4.54) (0.46)
Father’s university degree -0.38 -0.03
(2.73) (0.27)









Data Source: Sample drawn from the GSOEP 2002-2006. Standard Errors are in parentheses:
***signiﬁcant at 1% level; **signiﬁcant at 5% level; * signiﬁcant at 10% level. Own calculation.
36Table A.7: Fixed Eﬀects Results: more objective health measures




Mother’s Doctor visits -0.0005 0.001 -0.05 -0.06
(0.005) (0.04) (0.09) (0.11)
Father’s Doctor visits -0.01 -0.04 0.17 0.13
(0.01) (0.07) (0.18) (0.21)
Mother’s Nights spend in hospital 0.004 -0.04 0.02 0.001
(0.003) (0.04) (0.05) (0.11)
Father’s Nights spend in hospital 0.007 -0.024 -0.23 -0.25
(0.01) (0.07) (0.19) (0.22)
Mother smoking 0.16 0.16 0.30 0.27
(0.10 (0.68) (1.78) (2.04)
Father smoking 0.16* 0.14 -3.23** -3.06
(0.09) (0.65) (1.66) (1.90)
Equivalence income (in 1000 Euro) 0.0002 0.005 -0.02 -0.005
(0.002) (0.01) (0.03) (0.03)
Private insurance 0.05 -0.30 0.58 0.21
(0.14) (0.96) (2.49) (2.86)
Mother’s occupational degree -0.21 -0.11 -0.03 -0.28
(0.26) (1.81) (4.55) (5.21)
Father’s occupational degree 0.04 0.26 1.78 1.98
(0.11) (0.75) (1.85) (2.17)
Mother’s university degree -0.29 -0.26 -0.57 -1.21
(0.50) (3.49) (8.77) (10.05)
Father’s university degree 0.30 2.28 4.50 6.75
(0.30) (2.10) (5.28) (6.05)
Child’s age 0.008*** -0.01 -0.07*** -0.09**
(0.001) (0.01) (0.03) (0.03)
Siblings 0.04 0.21 0.98 1.34
(0.04) (0.29) (0.73) (0.85)
Municipality 0.03 0.005 -0.23 -0.24
(0.035) (0.24) (0.61) (0.70)
Constant -0.20 0.71 1.24 1.70
(0.27) (1.88) (4.73) (5.42)
Observations 409 409 409 409
Data Source: Sample drawn from the SOEP 2002-2006. Standard Errors are in parentheses:
***signiﬁcant at 1% level; **signiﬁcant at 5% level; * signiﬁcant at 10% level. Own calculation.
37Table A.8: Fixed Eﬀects Results: self-rated health measures




Mother’s current health status
very good -0.27*** 8.88** -2.30
(0.09) (4.39) (1.91)
good -0.26*** 6.14 -0.65
(0.08) (3.92) (1.72)
not good -0.27*** 5.27 -0.72
(0.08) (3.87) (1.70)
Mother smoking 0.12 4.53 0.48
(0.10) (4.53) (2.02)
Father smoking 0.18** -6.36 -2.54
(0.09) (4.28) (1.86)
Equivalence income (in 1000 Euro) 0.0004 -0.03 -0.006
(0.002) (0.08) (0.03)
Private insurance 0.003 -3.69 0.26
(0.14) (6.45) (2.87)
Mother’s occupational degree -0.28 8.26 1.54
(0.24) (11.61) (4.97)
Father’s occupational degree 0.05 -1.12 1.58
(0.10) (4.87) (2.12)
Mother’s university degree -0.30 27.30 -0.64
(0.49) (23.39) (10.0)
Father’s university degree 0.28 16.35 6.01
(0.29) (13.95) (5.97)
Child’s age 0.007*** -0.02 -0.09***
(0.001) (0.06) (0.03)
Siblings 0.06 0.37 1.35*
(0.04) (1.94) (0.83)
Municipality 0.04 -1.06 -0.17
(0.03) (1.63) (0.70)
Constant 0.06 60.84*** 0.97
(0.27) (12.61) (5.39)
Observations 409 408 409
Data Source: Sample drawn from the SOEP 2002-2006. Standard Errors are in parentheses:
***signiﬁcant at 1% level; **signiﬁcant at 5% level; * signiﬁcant at 10% level. Own calculation.
38